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Supplementary single molecule methods
A torsionally unconstrained biotinylated bacteriophage λ DNA molecule was tethered from its opposite ends between two streptavidin-coated polystyrene beads in 10 mM HEPES, 50 mM Na + at pH 7.5. One bead was held in an optical trap while the other was immobilized on a micropipette tip, attached to a flow cell placed on a translational piezoelectric stage. By gradually moving the fixed bead (at a pulling rate of 400 nm/s) while recording the extension and the force exerted on the single DNA molecule, the force-extension profile of a dsDNA in the absence of ORF1p was obtained.
An overstretched double-stranded DNA (dsDNA) anneals quickly with minimal hysteresis between the stretch and release curves in the absence of ORF1p. Figure S3 , red circles). The experiments were conducted in 10 mM HEPES, 50 mM Na + buffer solution at pH 7.5 with a pulling rate of 400 nm/s and repeated for incubation times, 180, 720, 1440 and 2880 s ( Figure  7A and Supplementary Figure S5 ).
The DNA can be considered ORF1p-saturated when the hysteresis stops increasing with protein concentration or incubation time. The resulting complex is an array of ssDNA in which all the possible binding sites of ssDNA are occupied and stabilized by ORF1p and thus significantly longer than dsDNA (Supplementary Figure S5 , gold circles in top row). However, it is shorter than ssDNA ( Figure 5A and Supplementary Figure S3 , purple line) due to elasticity changes to the bound protein complex. In unsaturated incubation conditions the resulting complex is a combination of dsDNA and ORF1p-bound ssDNA sites in which duplex formation is inhibited. Thus the increase in the extension of the ORF1p-DNA complex in the force regime below the melting plateau compared to the extension of a dsDNA in the absence of ORF1p, measures the fraction (f) of the ORF1p-bound ssDNA. We postulated that the total fraction is bound by a combination of ORF1p populations exhibiting slow (fslow), intermediate (fint), and fast (ffast) dissociation kinetics. We quantified these fractions with reference to the dsDNA in the absence of ORF1p (f=0) and ORF1p-saturated ssDNA (f=1) curves, which represent the two extremes. As there is no current theoretical model that provides the force-extension relationship of these protein-saturated ssDNA complexes, we fit the saturated data to a second order polynomial using least squares minimization to obtain the polynomial coefficients A, B and C and find the extension of the saturated curve (bsat(F)) as a function of force, F :
The polynomial coefficients [A, B, C] for 111p, 555p and 151p were found to be [878.51, -489.43, 67.81], [920.38, -543.78, 82.424] and [971.88, -607.21, 98 .637] respectively ( Figures  5D-F 
The extensible freely-jointed chain (FJC) models the extension of an ssDNA (bss(F)) as a function of force ( Figure 5A and Supplementary Figure S3 , purple line), where (2) ss B ss ss B s s s s
The typical parameters for stretch moduli (Sds= 1361 pN, Sss= 720 pN), persistence lengths (Pds= 45 nm, Pss= 0.75 nm) and contour lengths (Bds= 0.34 nm/bp, Bss= 0.55 nm/bp) were used.
At any given force below the melting plateau ORF1p-DNA complex is a combination of dsDNA and ORF1p-bound ssDNA fractions. Thus the extensions of the ORF1p-DNA complexes (b(F)) were modeled as a linear combination of bsat(F) and bds(F), where
to find the ORF1p-bound ssDNA fraction, f. By definition, bds(F) and bsat(F) yield the fits for which f is 0 and 1, respectively. The subsequent stretch yields the fraction (fslow) of the ssDNAbound ORF1p population that exhibits slow dissociation kinetics. We computed fslow by fitting the subsequent stretch data to Supplementary equation 4 (Figures 5D, F, red line, Supplementary Figure S3 , #1, and Supplementary Figure S5 , bottom row). Assuming that the ORF1p-bound ssDNA fraction that emerged during the incubation remains constant throughout the return after incubation, the return curve should trace the linear combination intersecting F0 ( Figure 5E , dashed blue line, Supplementary Figure S3 , #2), where F0 is the force at which the return curve begins to approach the force regime below the melting plateau. Thus, using Supplementary equation 4, we found the linear combination intersecting F0 to determine the total ORF1p-bound ssDNA fraction, fT:
However, the discrepancy between the dashed blue line and the observed return data ( Figure  5E and Supplementary Figure S3 , blue circles) is due to continuous duplex formation at a rate determined by the rapidly dissociating ssDNA-bound ORF1p, which decreases the fast fraction, ffast during the return. In order to account for the fast dissociating protein, we modified ffast to be varied with a phenomenological force dependence ( fast fast f f (F)  
) and modeled the return data with a varying total fraction  T f (F); 
to obtain fint in terms of γ , where
Substituting for fint in Supplementary equation 6, we obtained T f (F)  , where
Since the values for F0 and fT are already found, by substituting f of Supplementary equation 4 with the expression in Supplementary equation 11 and fitting the return after incubation data (Figures 5E-F, solid blue line, Figure 7A , Supplementary Figure S3 , #3, and Supplementary Figure S5 , top row), we determined γ . We then found ffast and fint from Supplementary equations 8 and 10, respectively. The dashed green line in Figure 5F and Supplementary Figure S3 (#4) represents the linear combination of the combined fractions fint and fslow.
Supplementary Figure S1 . Aligned amino acid sequences of 111p, 151p and 555p. The 111p sequence is shaded with the same colors as the domains depicted in Figure 1A . The amino acid sequences that correspond to ancestral 555p are shaded in green. Exact amino acid matches are indicated by vertical lines, and the highly conserved BsmI and BsmFI sites as well as the RNP2 and RNP1 domains of the RRM are indicated. The heavy black lines below the BsmI and BsmFI sites correspond to sites encoded by the recognition sequences for these enzyme. See main text for additional references. Table S3 ). (Figure 3 ) are fit to single and double exponential functions in time (t), respectively. These reactions were carried out in duplicate and fits and uncertainties for each measurement were obtained using the minimization of χ 2 method. Weighted means and uncertainties in the fitting parameters for the two measurements are shown in the table. The annealing phase is started by incubating mismatched oligonucleotides cy3_21r_mm_dna and cy5_21f_dna (Supplementary Table S1 , #6-7), at t=0. The exchange phase is initiated at t = t*=180 s by addition of a 10 fold excess of the perfect complement, 21r_dna (Supplementary  Table S1 , #5) of cy5_21f_dna (Supplementary Table S1 Figure 6 and Supplementary Figure S4 ). Standard errors are calculated using at least three measurements. 
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